To delineate the clinical roles of plasma cytokine or endotoxin levels in the natural course of infection in patients with decompensated cirrhosis, 66 cirrhotic patients were studied within a 1.5-year period. Plasma levels of tumour necrosis factor-α (TNF-α), interleukin-1β (IL-1β), IL-6, IL-8 and endotoxin were determined on days 1, 4 and 7 after admission when hospital infection was suspected and 4 months later. A total of 24 patients (36.4 %) were proven to be infected during hospitalization (group A), while 42 others were not infected (group B). Fever occurred in a very high proportion (22/24) of group A patients. Baseline levels of TNF-α (37.7p15.2 compared with 8.7p1.2 pg/ml ; P 0.01) and IL-6 (180.5p20.5 compared with 24.6p7.5 pg/ml ; P 0.0001) were higher in group A patients, while IL-1β, IL-8 and endotoxin levels were not significantly different between the two groups. For patients with hospital infection, IL-6 levels determined during the episode were significantly higher than baseline levels. Using IL-6 80 pg/ml as a baseline cut-off level to diagnose bacterial infection, the sensitivity, specificity and accuracy were 87.5, 100 and 95.5 % respectively. The one-year cumulative probability of mortality (61.1 % compared with 23.7 % ; P 0.001) and of bacterial re-infection (72.2 % compared with 18.4 % ; P 0.0001) was higher in group A than in group B. Plasma TNF-α and IL-6 levels determined at 4 months were not different between the two groups. In conclusion, fever or elevated plasma IL-6 levels in patients with decompensated cirrhosis calls for early antibiotic treatment to prevent life-threatening bacterial infection. Bacterial infection is likely to recur in those patients with increased IL-6 levels, while severe episodes of infection occur in patients with increased TNF-α levels.
INTRODUCTION
Liver cirrhosis presents with a hyperdynamic circulation characterized by a high cardiac output, hypervolaemia and decreased peripheral vascular resistance [1] [2] [3] . One hypothesis has suggested that, via an influence on nitric oxide synthase, cytokines and endotoxin are related to the hyperdynamic circulation of cirrhosis [4] . High levels of cytokines and endotoxin have been noted in patients with cirrhosis.
Cirrhotic patients have a high susceptibility to bacterial infection, due to defective defence mechanisms [5] [6] [7] [8] . A number of previous studies revealed a high prevalence of bacterial infection in patients with cirrhosis [9] [10] [11] [12] .
Cytokines may regulate immune responses, and high plasma cytokine levels have been demonstrated in patients with infectious diseases [13, 14] . Although levels of tumour necrosis factor-α (TNF-α) and interleukin-6 (IL-6) have been reported to be elevated in cirrhotic patients with bacterial infections [15, 16] , the clinical significance of cytokine levels in cirrhotic patients remains disputed. No long-term follow-up of cytokine levels after cirrhotic patients have recovered from an episode of bacterial infection has been reported.
During normal physiological processes, endotoxin is released from the bowel and detoxified by the liver. Plasma endotoxin levels have been reported to be elevated in cirrhotic patients [17] . However, the clinical significance of endotoxin levels in cirrhotic patients with bacterial infection has rarely been discussed. Therefore we conducted this prospective study to evaluate the clinical importance of plasma cytokine and endotoxin levels in cirrhotic patients with an episode of bacterial infection.
MATERIALS AND METHODS

Patients and methods
Cirrhotic patients hospitalized in our ward in a period from January 1995 to June 1996 were the subjects of the present study. They were hospitalized for a variety of reasons, including fever, gastrointestinal bleeding, hepatic encephalopathy, hepatorenal syndrome, massive ascites or recent deterioration of liver function. Patients included met all of the following criteria : (a) cirrhosis based on a histopathological diagnosis or compatible laboratory data and sonographic findings ; (b) the presence of jaundice, ascites, lower-leg oedema or encephalopathy compatible with the definition of decompensation of cirrhosis, as in our previous report [18] ; (c) no evidence of hepatocellular carcinoma, metastatic liver tumour, congestive heart failure, acute pancreatitis, peritoneal carcinomatosis, tuberculosis, surgical conditions or symptomatic nephritis. Patients with massive oesophageal or gastric variceal bleeding were excluded because they required a large amount of transfused blood, and hence their haemodynamics were altered. Patients who died within 24 h of admission were also excluded. All patients gave their informed consent to participate in the study, which was approved by the Hospital Ethics Committee.
Peripheral blood specimens for bacterial cultures, cell counts and routine biochemical tests were obtained immediately when patients were hospitalized during the daytime, or the next morning when they were admitted during the night. Blood culture was carried out with three blood samples under sterile techniques, whereas urine or ascitic fluid cultures used one sample. To increase the sensitivity of bacterial culture, blood culture bottles were used for blood and ascitic fluid cultures [19, 20] . Blood and ascitic fluid specimens were collected and inoculated into blood culture bottles and another culture tube at the bedside and sent to the central laboratory immediately for cultures, including bacteria, tuberculosis and fungus. To detect infections acquired during hospitalization, blood and ascitic fluid cultures and analyses for cell counts were repeated within 24 h of the occurrence of fever, abdominal pain or conscious disturbance, and before treatment with antibiotics. Spontaneous bacterial peritonitis was defined to meet one of the following criteria, as in our previous study [10] : (a) the combination of a positive ascitic fluid culture, an ascitic fluid polymorphonuclear cell count 250 cells\mm$ and no evident intra-abdominal source of infection ; or (b) culture-negative neutrocytic ascites : the combination of a negative ascitic bacterial culture, a polymorphonuclear cell count 500 cells\mm$, no antibiotics for 7 days and no obvious intra-abdominal source of infection or any other explanation for the elevated polymorphonuclear cell count. Urinary tract infection was diagnosed by the presence of clinical symptoms plus the isolation of bacteria at 10'\mm$ in the urine culture and leukocyturia. Pneumonia was diagnosed by clinical and radiological criteria. Hospital infections were defined as those occurring 48 h or longer after admission.
Study design
Peripheral blood specimens for the determination of plasma cytokine (TNF-α, IL-1β, IL-6 and IL-8) and endotoxin levels were obtained at the same time as when specimens were collected for blood cultures and routine biochemical tests (day 1). When infection was confirmed or highly suspected, treatment was started with broadspectrum antibiotics, and this was adjusted according to the culture results. On day 4 and day 7, peripheral blood specimens were again collected to determine short-term changes in plasma cytokine and endotoxin levels during hospitalization. When fever or other manifestations suggesting bacterial infection occurred during hospitalization, blood cultures were performed again and blood specimens were collected to evaluate hospital infection and changes in plasma cytokine and endotoxin levels.
After patients were discharged from the hospital, they were followed up for 1 year to evaluate survival and bacterial re-infection rates. When fever occurred, patients were re-hospitalized to evaluate possible re-infection. This was also evaluated when patients were admitted for other reasons. Death was considered to be related to infection when it occurred within the first day of the onset of infection or during microbiologically proven persistent infection. To assess long-term changes in cytokine and endotoxin levels, plasma cytokine and endotoxin levels were re-evaluated 4 months after the initial hospitalization.
Determination of cytokine and endotoxin levels
Blood specimens for the determination of cytokine and endotoxin levels were separated into aliquots using a pyrogen-free syringe containing heparin sodium (75 units for a 2 ml sample), placed in an ice bath and transported immediately to the laboratory. The plasma was separated in a refrigerated centrifuge (4 mC ; 2935 g ; 10 min) and then stored at k70 mC in pyrogen-free polyethylene tubes for subsequent analysis within 6 weeks. Commercial kits for TNF-α, IL-1β, IL-6 and IL-8 (Genzyme Diagnostics, Cambridge, MA, U.S.A.) were used to determine plasma cytokine levels, and plasma endotoxin levels were determined as in our previous papers [18, 21, 22] . All the reagents required for endotoxin measurements were purchased from Sigma (St. Louis, MO, U.S.A.).
Statistical analysis
Data are presented as meanspS.E.M. Univariate analyses of survival or re-infection rates were performed by the Kaplan-Meier method, and the curves were compared by the Mantel-Cox test [6] . The paired or unpaired Student's t test or the Chi-squared test were used for statistical analyses when appropriate. A P value of 0.05 was considered significant. Sensitivity, specificity and accuracy were defined as described by Ransohoff and Feinstein [23] . Receiver operating characteristic analysis was used to choose the best cut-off values of diagnostic indices [24] .
RESULTS
Within a 1.5-year period, a total of 66 patients with decompensated post-hepatic cirrhosis were included in this study.
Clinical manifestations, in-hospital incidence and mortality
Of the 66 patients studied, 24 (36.4 %) were proven to be infected during hospitalization (group A), while 42 others were not (group B). General data and clinical characteristics, including Pugh's modification of Child's classification [25] , are listed in Table 1 . Of the patients in group A, 19 were infected on admission, and the other five after admission. These infection episodes were spontaneous bacterial peritonitis in eight patients (33.3 %), isolated bacteraemia in seven patients (29.2 %), pneumonia in three patients (12.5 %), urinary tract infection in three patients (12.5 %), spontaneous bacterial empyema in one patient, omphalitis in one patient and perianal abscess in one patient. The bacteriology of 24 positive culture episodes (19 blood cultures, three urine cultures, one pleural fluid culture and one culture from a perianal abscess) from 21 patients is listed in Table 2 . The isolated bacteria were purely Gram-negative in 66.7 % of patients. Bacterial infection in three patients without a positive culture result included two patients with culture-negative neutrocytic ascites and one patient with pneumonia.
Fever (body temperature 37.5 mC) occurred in 22 (91.7 %) of the 24 patients of group A, and in six (14.3 %) of the 42 patients of group B (P 0.01). In group B subjects, fever was related to gastrointestinal bleeding without bacteraemia in four patients, gout in one patient and transient unexplained low-grade fever in one patient. Ten patients died during hospitalization : six in group A (spontaneous bacterial peritonitis in four, hepatic failure in one, and variceal bleeding in one) and four in group B (hepatic failure in two, hepatorenal syndrome in one, and variceal bleeding in one) (significant difference ; P 0.05).
Baseline cytokine and endotoxin levels
Baseline cytokine and endotoxin levels are listed in Table  3 . TNF-α and IL-6 levels in patients in group A were significantly higher than those in patients in group B, while IL-1β, IL-8 and endotoxin levels were not significantly different between the two groups. Using a baseline IL-6 level of 80 pg\ml as a cut-off value to diagnose bacterial infection, sensitivity, specificity and accuracy were 87.5, 100 and 95.5 % respectively. Using a baseline TNF-α level of 14 pg\ml as a cut-off value to diagnose bacterial infection, sensitivity, specificity and accuracy were 66.7, 90.5 and 87.1 % respectively.
In the patients of group A, 14 proven to be infected purely by Gram-negative bacteria had higher endotoxin levels than those of six patients infected purely by Grampositive bacteria (16.5p2.8 and 6.8p1.2 pg\ml respectively ; P 0.05). None of patients infected by Grampositive bacteria had an endotoxin level above 10 pg\ml, while 10 (71.4 %) of the 14 patients infected by Gramnegative bacteria had an endotoxin level above this level (Figure 1 ). Plasma TNF-α (53.7p25.4 and 10.2p1.7 pg\ml respectively ; P 0.05), IL-1β, IL-6 and IL-8 levels were not significantly different between patients with Gram-positive and Gram-negative bacterial infections.
Five patients with hospital infection had plasma TNF-α and IL-6 levels determined during the infection episode that were significantly higher than baseline levels determined on admission [TNF-α, 28.2p5.4 compared with 12.4p2.9 pg\ml (P 0.05) ; IL-6, 158.4p21.0 compared with 31.3p6.6 pg\ml (P 0.01)].
Of the patients in group A, six died during hospitalization, and their baseline plasma TNF-α levels were higher than those of the other group A patients (100.5p56.0 compared with 16.8p2.1 pg\ml ; P 0.05) ; however, plasma IL-6 levels were not significantly different (191.1p32.4 compared with 176.9p25.6 pg\ ml ; P 0.05). The four patients that died of spontaneous bacterial peritonitis had particularly high plasma TNF-α levels (146.6p75.6 pg\ml).
Changes in cytokine and endotoxin levels during hospitalization
Three patients in group A and two patients in group B died soon after hospitalization. Sequential analyses of cytokine and endotoxin levels were carried out for the remaining 61 patients. Baseline plasma TNF-α levels in group A were only 22.7p7.0 pg\ml, because the three patients that died had high plasma TNF-α levels. The sequential analyses showed that plasma TNF-α and IL-6 levels in group A patients were markedly decreased on day 4 and on day 7 after the start of antibiotic treatment ( Figure 2) . Interestingly, plasma TNF-α and IL-6 levels determined on day 4 or day 7 remained significantly higher in group A patients than in group B patients. Using an IL-6 level of 60 pg\ml determined on day 4 as a cut-off value, the sensitivity, specificity and accuracy in diagnosing bacterial infection were 52.4, 100 and 83.6 % respectively.
One-year cumulative probability of mortality or recurrence of infection
A total of 56 patients (18 in group A and 38 in group B) survived to leave hospital, and were followed up regularly for 1 year. The one-year cumulative probability of mortality was significantly higher for group A than for group B (61.1 % and 23.7 % respectively ; P 0.001). The one-year cumulative probability of re-hospitalization with bacterial infection was also significantly higher for group A than for group B [13 patients (72.2 %) and seven patients (18.4 %) respectively ; P 0.0001]. Of the 13 patients re-hospitalized with bacterial infection from group A, spontaneous bacterial peritonitis occurred in seven patients, isolated bacteraemia in five patients and omphalitis in one patient. Of the seven patients re-hospitalized with bacterial infection from group B, three patients had spontaneous bacterial peritonitis, two patients had isolated bacteraemia, one patient had pneumonia and one patient had a urinary tract infection in the first episode of admission. During the follow-up period, repeated episodes of fever were experienced at home by nine patients (50 %) from group A, compared with four patients (10.5 %) from group B (P 0.01).
Long-term changes in endotoxin and cytokine levels
Four patients from group A and three patients from group B died within the initial 4 months of the followup period. Among the remaining 49 patients, plasma Values are meanspS.E.M. Significance of differences between patients with and without bacterial infection : **P 0.01 ; ***P 0.001.
With infection (n l 24)
Without infection (n l 42) TNF-α (pg/ml) 37.7p15.2 8.7p1.2** IL-1β (pg/ml) 1.3p0.5 1.0p0.5 IL-6 (pg/ml) 180.5p20.5 24.6p7.5*** IL-8 (pg/ml) 45.5p16.5 39.4p13.3 Endotoxin (pg/ml) 11.7p2.0 9.1p1.4
TNF-α and IL-6 levels determined at 4 months were not significantly different between patients in group A and those in group B (TNF-α, 9.1p1.3 and 8.6p0.7 pg\ ml respectively ; IL-6, 17.7p2.5 and 16.6p2.6 pg\ml respectively) ( Figure 2 ). Plasma IL-1β, IL-8 and endotoxin levels were not significantly different between the two groups. Baseline plasma TNF-α (20.8p7.5 and 10.3p1.4 pg\ ml respectively ; P 0.05) and IL-6 (136.9p27.4 and 41.6p8.4 pg\ml respectively ; P 0.001) levels at first admission were higher in those patients re-hospitalized with bacterial infection during the one-year follow-up period than in those that were not. Significance of differences : *P 0.01 ; **P 0.001 ; ***P 0.0001 for comparisons between patients with (empty bars) and without (hatched bars) infection ; a P 0.05, b P 0.01 ; c P 0.001 compared with baseline data.
DISCUSSION
The present study shows a high rate of in-hospital bacterial infection in patients with decompensated cirrhosis, which is consistent with reports in the literature [9] [10] [11] [12] . The results also demonstrate a high rate of bacterial re-infection within a one-year follow-up, particularly in the initial 6 months, and many of these were episodes of life-threatening spontaneous bacterial peritonitis. Furthermore, a high percentage of our patients experienced repeated episodes of fever with spontaneous recovery at home during the follow-up period. These findings indicate that infected patients with decompensated cirrhosis are at high risk of repeated episodes of lifethreatening bacterial infection. Since their survival time is seldom very long, this warrants life-long antibiotic prevention after the first hospitalization with bacterial infection verified. Patients in our series had a relatively low rate of inhospital mortality, which may be due to the exclusion of patients dying within 24 h and, perhaps, to better patient care in a prospective study. Bacterial infection of patients with acute liver injury is reported to be associated with a low incidence of fever [26] . Nevertheless, our study shows that patients with decompensated liver disease had a very high rate of pyrexia when they were infected.
The reasons for the intense research interest in cytokines, particularly TNF-α, IL-1 and IL-6, in patients with acute or chronic liver diseases are because they may explain many clinical and biochemical abnormalities [26] [27] [28] . Our previous studies [21, 22] showed that plasma TNF-α, IL-6 and IL-8 levels may be increased in line with the severity of hepatic cirrhosis. In the present study, the highest plasma TNF-α, IL-6 and IL-8 levels were found in the group of patients showing the most deterioration in liver function.
Cytokines may regulate immune responses and acutephase reactions, and may possibly be important in host defence mechanisms ; therefore cytokines were also investigated in cirrhotic patients with bacterial infection. The present study shows that TNF-α and IL-6 can be good markers for the diagnosis of bacterial infection in cirrhosis, consistent with the findings in some previous reports [15, 16] . Plasma cytokine levels were increased in patients with either Gram-positive or Gram-negative bacterial infections. Particularly interesting is the fact that plasma TNF-α and IL-6 levels remained very high up to 4-7 days after admission, which may be a helpful guide to the detection of bacterial infection in patients with negative bacterial cultures due to partial antibiotic treatment or for a variety of other reasons. The present study shows that plasma TNF-α and IL-6 levels in cirrhotic patients with bacterial infection were decreased after antibiotic treatment. Whether these plasma cytokine levels may be indicators of the effectiveness of antibiotic treatment would be an interesting issue for further investigation. Patients who died during hospitalization, particularly those who died of bacterial infection, had very high TNF-α levels. This finding, and the consistent results in some previous reports [15, 16] , indicates that a high plasma TNF-α level is a marker of severe bacterial infection or poor prognosis.
It has been proposed that the synthesis or release of nitric oxide induced by endotoxin accounts for the hyperdynamic circulation of cirrhosis [12] . Endotoxin is released by the cell walls of invading Gram-negative bacteria in the bowel and detoxified by the Kupffer cells and hepatocytes under normal physiological conditions [29, 30] . Therefore the plasma endotoxin level may be potentially helpful in the diagnosis of bacterial infection. However, the results in the present study reveal that the plasma endotoxin level is not a marker for this purpose. One interesting finding is that a high plasma endotoxin level may exclude the presence of Gram-positive bacterial infection.
Byl et al. [15] reported that both plasma IL-6 and TNF-α levels were significantly higher in infected cirrhotic patients than in non-cirrhotic patients. Moine et al. [16] reported that the level of IL-6 had better diagnostic sensitivity and specificity than that of TNF-α for diagnosing infection. Our study agreed with these two findings. However, in the previous reports [15, 16] , it was not clear whether cytokine levels in these patients were increased after bacterial infection or whether these infected cirrhotic patients had higher baseline cytokine levels before infection. From our observations in five patients with hospital infection, plasma IL-6 or TNF-α levels were shown to increase after infection as compared with the baseline levels on admission. This finding provides direct evidence that IL-6 or TNF-α levels in cirrhotic patients were increased immediately after they were infected.
Moine et al. [16] reported that high TNF-α levels may indicate a poor prognosis in infected cirrhotic patients. Our study also showed that six cirrhotic patients who died during the first hospitalization had high plasma TNF-α levels. In previous studies, because of the short study period, changes in cytokine levels on recurrence of bacterial infection were not assessed. Our study demonstrated that cirrhotic patients who were re-hospitalized with bacterial infection had higher baseline IL-6 or TNF-α levels at first admission. This finding indicates that cirrhotic patients with bacterial infection are prone to recurrence of infection, and that high plasma IL-6 or TNF-α levels may be a marker of recurrent episodes of bacterial infection in these patients.
In conclusion, fever or elevated plasma IL-6 levels in patients with decompensated cirrhosis calls for early antibiotic treatment to prevent life-threatening bacterial infection. Bacterial infection may be readily recurrent in those patients with increased IL-6 levels, while severe episodes of infection are likely to occur in patients with increased TNF-α levels. Increased levels of endotoxin indicate the occurrence of gram-negative bacterial infection.
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